The principal source rock for the uranium deposits is the lower Oligocene Wall Mountain Tuff, although a younger volcanic rock, the Oligocene Thirtynine Mile Andesite, and Precambrian granitic rocks probably also contributed some uranium. Leaching and transportation of the uranium occurred in alkaline oxidizing ground water that developed during alteration of the ash in a semi-arid environment.
The uranium was transported in the ground water to favorable sites where it was deposited in a reducing environment controlled by carbonaceous material and associated pyrite.
Localization of the ore was controlled by groundwater flow conditions and by the distribution of organic matter in the host rock. Ground-water flow, which was apparently to the southeast in Echo Park Alluvium that is confined in the Echo Park graben, was impeded by a fault that offsets the southern end of the graben. This offset prevented efficient discharge into the ancestral Arkansas River drainage, and protected chemically reducing areas from The purpose of this report is to present a preliminary discussion of the geologic controls of uranium mineralization in the Tallahassee Creek district.
The controls believed important and considered in this report are as follows:
(1) source of uranium, (2) geochemical conditions of leaching, (3) paleohydrology, (4) character of host rock, (5) concentrating mechanism, and (6) preservation. The report is based on published work and on data collected during 1979
for the Department of Energy National Uranium Resource Evaluation (NURE) of the Pueblo NTMS 1° x 2° Quadrangle (Dickinson and Hills, 1980 1980) . Volcanic geology in the area was largely worked out by Chapin (1968, 1974) . Geologic history of the area was summarized by others (1976, 1980) . Maps of the area were authored by Scott and others (1978) , Taylor and others (1979) , Wobus and others (1979) and Epis and others (1979) .
Geology
During the late Eocene a widespread low-relief weathered surface was developed on Precambrian, Paleozoic and Mesozoic rocks in the vicinity of the present Colorado front range others, 1976, 1980) . The upper Eocene
Echo Park Alluvium was deposited on this surface. As the Echo Park was deposited, grabens formed as renewed uplift and associated faulting began to take place. About 35 to 36 million years ago, in the early Oligocene, large areas of the low-relief surface were covered by the Wall Mountain Tuff, an andesitic to rhyolitic ash-flow tuff that originated somewhere to the west, perhaps near Mt. Aetna (Epis and others, 1976) , and extended over the Talla- Chenoweth, 1980) . Uranium mineralization at the Picnic Tree orebody is primarily in the upper ash fall member of the Tallahassee Creek Conglomerate, which is about 8 m thick at that locality. Little data are available from the Picnic Tree orebody, but some information was obtained from smaller orebodies along the Tallahassee Creek paleo-channel. Uraninite and coffinite are probably the chief primary uranium minerals in the Tallahassee Creek deposits, but metaautunite was found where the deposits are oxidized (Shappirio and Heinrich, 1961) . Orebodies in the Tallahassee Creek are generally tabular in shape, (Chenoweth, 1980; Hon and Dickinson, 1980 granodiorite have lost uranium in the vicinity of the Tallahassee Creek uranium district, but these rocks are not thought to be a primary uranium source for the Tallahassee Creek deposits (Dickinson, unpublished data) .
Erosion of large amounts of uranium-bearing Precambrian rocks occurred prior to the deposition of the uranium host rocks in the Tallahassee Creek district. In addition, these rocks were probably deeply leached in previous time and uranium liberated by the erosion probably escaped in surface drainage.
Leaching of uranium. The leaching and dissolution of uranium in the paleo-ground water probably occurred under oxidizing and neutral to alkaline pH conditions. Under these conditions uranium is easily dissolved as a uranyl carbonate. A dry climate may have enhanced the development of these conditions because bases accumulate when not flushed away by rainfall.
Alkalinity probably was also raised by the hydration and release of alkali metals from volcanic ash in the sediments. Katayama (1960) discusses the general relationship between uranium deposits and arid climates.
According to MacGinitie (1953) the climate was relatively dry during the Oligocene in the Florissant area about 50 km northeast of the Tallahassee Creek distict. He based his conclusion on the lack of chemical weathering, apparent episodes of desiccation during lacustrine deposition, and fossils from the Oligocene Florissant Lake Beds. In addition, the Oligocene Brule Formation contains bedded gypsum in northwestern Nebraska (Dunham, 1955) . The climate was more humid in the Great Plains to the east of the Tallahassee
Creek district during much of Miocene and Pliocene (Frye and Leonard, 1957) , but it became dry again at the end of Pliocene when caliche soils were developed at the top of the Miocene to Pliocene Ogallala Formation. These upper Pliocene caliches are enriched in uranium in north Texas (Finch, 1975) .
Paleohydrologic conditions. Paleohydrologic conditions in the Echo Park
Alluvium were such that oxidizing uranium-bearing waters entered the unit but not in such great quantities as to destroy either the reducing conditions that were important to precipitate the uranium or to destroy the once-formed uranium deposit by oxidation. These conditions were apparently brought about by the lack of an efficient ground-water discharge area at the southeast end of the graben (figs. 3 and 4). A fault extending from the Texas Creek Fault (Taylor and others, 1975) Conglomerate ranges from zero to 3 degrees to the southeast (Hon and Dickinson, 1980) . This suggests that there has not been significant change in attitude of the rocks in the graben since early Oligocene, and that similar hydrologic conditions may have persisted during that time. Once the oxygen was depleted around the carbonaceous material, anaerobic sulphate-reducing bacteria produced sulphide ions that combined with iron to form pyrite commonly found associated with the carbonaceous material. The reducing environment precipitated the uranium in a reduced condition generally as uraninite U0 2 or as coffinite U(SiO,) 1 _x (OH)^x .
Not all of the enrichment can be attributed to the above mechanism, however, because some enrichment is found in relatively pure ash beds or in ash-flow tuff that seems to be free of carbonaceous material. This enrichment may have occurred under oxidizing conditions by absorption of uranium VI in opal (Zielinski, 1980) or iron oxide (Van Der Weijden, 1976) , or perhaps it was deposited under reducing conditions produced by dissolved organic matter (humic acids) in the ground water (Granger and others, 1961) .
Preservation. The most important factors in preservation of the deposits are sluggish ground-water movement through the host rock and a large amount of carbonaceous material in the host rock. These two conditions help maintain the reducing conditions in the orebodies and, consequently, the immobility of the uranium. Preservation of the orebodies may be thought of as maintaining the conditions of their formation. Present uranium content of groundwater is as much as 900 ppb (Chenoweth, 1980) , suggesting that either the deposits are still forming or they are being destroyed or modified. Present conditions seem to favor uranium deposition, and so the present uranium in the ground water may reflect these conditions. No data on disequilibrium of uranium in the ore or ground water are available to assess this problem.
